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Abstract An unidentified Fomitiporia sp. causes severe 
white-rot on stems of a cultivar “Sanbu-sugi” of the 
Japanese cedar, Cryptomeria japonica. The influence of the 
fungus on tree health and wood properties was determined. 
Bark from dead branches and xylem from living branches 
contained more glucose than bark from living branches and 
xylem from dead branches. Tree heights at which annual 
rings were disconnected were 2, 4 and 6 m at ages 37, 15 
and 24 years old, respectively. The pH values of damaged 
parts were lower than those of non-damaged parts, and the 
damaged parts were clearly identified using bromocresol 
green solution. Weight loss of sapwood during 60 days of 
fungal degradation was 1.4 %, which was less than that by 
a saprophyte, Trametes versicolor. The amount of poly¬ 
phenols in the heartwood from damaged tree stems was 
less than that from non-damaged stems. Degraded parts 
were less stiff than the non-degraded sapwood as measured 
with a wood-decay tester, Pilodyn. Our observations indi¬ 
cate that damaged stems are chemically and physically 
inferior to non-damaged stems. 

Keywords Bromocresol green • Flavanol • 

Fomitiporia punctata • Pilodyn • Polyphenol 

Introduction 

An unidentified white-rot fungus Fomitiporia sp. causes 
severe stem sap rot especially on a cultivar called “Sanbu- 
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sugi” [1-3] of the Japanese cedar Cryptomeria japonica D. 
Don [4, 5] (Fig. 1A, B). Sanbu-sugi is a major lumber 
material in Chiba Prefecture. It was planted in 18 % of the 
prefectural area, and it occupies 45 % of the Sammu area 
[6]. This cultivar has beneficial characteristics: the wood is 
straight, non-tapered and round in cross section, and the 
color of the heartwood is beautiful pale rouge. Unfortu¬ 
nately, however, the tree is highly sensitive to this local sap 
rot disease, and 85 % of it has been damaged in Sammu 
area [6]. 

The fungus was observed to cause stem rot on Sawara 
cypress Chamaecyparis pisifera (Sieb. & Zucc.) Endl. 
(Fig. 1C, D) and Hinoki cypress Chamaecyparis obtusa 
Sieb. & Zucc. (Fig. IE, F). Imazeki [4] called this disease 
“Hi-akagare-sei-mizogusare-byo” in Japanese, stem sap 
rot. Aoshima et al. [5] identified the causal fungus as 
Fomitiporia punctata (Fr.) Murrill ( Phellinus punctatus) 
and named the fungus from Chiba Prefecture, Japan “Cha- 
ana-take-modoki” in Japanese. Recently, Hattori et al. 
[7, 8] morphologically and phylogenetically analyzed the 
preserved fruiting body and mycelia of this fungus, and 
reported that the causal organism was distinct from 
F. punctata [9-11] and was another species of the genus 
Fomitiporia. Ota et al. [12, 13] reported that the isolated 
fungus from C. japonica and that from stem rot of 
C. pisifera form a phylogenetically distinct clade from 
F. punctata , and discussed that the pathogens on these tree 
species were possibly conspecific. 

Imazeki [4] found small pits, which were scars of dead 
and fallen branches, in the middle of the vertical axis of the 
affected parts and implied that the causal fungus invaded 
from these scars. Aoshima et al. [5] also observed that the 
causal fungus invaded through scars. 

In earlier studies, stems of living trees of “Sanbu-sugi” 
were inoculated by the fungus and cankers were formed 
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◄ Fig. 1 A “Hi-akagare-sei-mizogusare-byo” with cankers (arrow) on 
the “Sanbu-sugi” cultivar of Cryptomeria japonica by the causal 
Fomitiporia sp., Sammu, Chiba, B fruiting body (arrowhead) of the 
causal Fomitiporia sp. formed on the stem of “Sanbu-sugi”, 
C Chamaecyparis pisifera with an elongate canker (arrow) on the 
stem and fruiting body (arrowhead) of the causal Fomitiporia sp., 
Abiko, Chiba, D fruiting body (arrowhead) of the causal Fomitiporia 
sp. on the stem of C. pisifera , E Chamaecyparis obtusa with a canker 
(arrow) and fruiting body (arrowhead) of the causal Fomitiporia sp., 
Kisarazu, Chiba, F fruiting body (arrowhead) of the causal Fomit¬ 
iporia sp. on the stem of C. obtusa , G schematic depiction of a stem 
disk from the “Sanbu-sugi” cultivar damaged by the causal Fomit¬ 
iporia sp.: a degraded part, b non-degraded sapwood, c non-degraded 
outer heartwood, d non-degraded inner heartwood including pith. 
H-J Color changes of “Sanbu-sugi” wood disks soaked in the pH 
indicator, bromocresol green solution: H before soaking, I after 
soaking, the degraded part turned yellow, the non-degraded sapwood 
turned green; the outer heartwood turned blue and the inner 
heartwood turned blue; the arrow indicates the horizontal direction 
and the arrowhead the vertical direction for the Pilodyn test. J The 
same wood disk shown in H after soaking in bromocresol green 
solution 

[14, 15]. Damage status of wood disks from the cultivar in 
the national forests was surveyed [16]. Although the 
hypothesis that invasion occurs through the scars of dead 
branches was based upon observations, the reasons why the 
fungus invades easily through the scars have not been 
clearly described. In addition, usability of the round logs 
from damaged trees has not been determined. The aims of 
this study are to (1) survey whether branch bases of dead 
branches are the possible gateway of fungal invasion; 

(2) survey at what ages and heights trees are attacked; 

(3) measure pH changes; (4) analyze secretion of anti¬ 
fungal compounds; (5) measure weight loss due to fungal 
degradation; and (6) examine stiffness of damaged wood. 

Materials and methods 

Tree and wood materials 

For the study, wood materials were obtained from “Sanbu- 
sugi” cultivars grown at the Forestry Research Institute, 
Chiba Prefectural Agriculture and Forestry Research 
Center, Sammu, Chiba, Japan. The trees were planted in 
about 1965, and maintained in natural condition only with 
regular grass cutting until 5 years old and pruning until 
10 years old. 

Influences of fungal degradation on trees 

Chemical analyses of living and dead branches 

To survey a possibility that the causal fungus invades 
through bases of dead branches, 4 kinds of branch materials 
were analyzed, specifically, bark and xylem from living 


and dead branches (n = 3). Branches with living leaves 
and those with dead leaves in living trees were separately 
cut. Twigs with leaves and bark were removed from both 
kinds of branches, and inner xylem was obtained. The wood 
components (a-cellulose, hemicelluloses and mixtures of 
lignin and others), organic solvent extracts, glucose, and 
flavanols were determined. The materials were milled into 
meal and sieved into particles from 0.18 to 0.44 mm (the 
same size hereafter). To calculate the contents of hemicel¬ 
luloses, the content of a-cellulose (JAPAN TAPPI No. 60, 
2000) was subtracted from that of holocellulose (JAPAN 
TAPPI No. 65, 2000). Contents of mixtures of lignin and 
others and organic solvent extracts were determined 
by JAPAN TAPPI No. 61 (2000) and No. 63 (2000), 
respectively. 

To determine the amount of glucose, 100 ml distilled 
water was added to 2 g of meal. The suspension was boiled 
for 3 h, and filtered through a glass filter (pore size 
10-16 pm). Distilled water was added to the hot-water 
extract solution to a total volume of 150 ml. The glucose in 
the solution was determined by the enzymatic method with 
F-Kit for D-glucose (Roche Diagnosics, Tokyo, Japan) by 
measuring absorbance at 340 nm using a double beam 
spectrophotometer (U-2900, Hitachi High-Technologies 
Co., Tokyo, Japan). 

The meal (1 g) was extracted with 70 % (v/v) acetone 
under agitation for 8 h, and the suspension was paper- 
filtered. Total amounts of flavanols were determined 
according to the vanillin-HCl method [17]. The calibration 
curve was prepared using catechin as a standard. Thirty 
millilitre of vanillin reagent [4 % (v/v) in methanol] and 
then 15 ml cone. HC1 were added to 5 ml of the extract 
solution in a 50 ml-volumetric flask wrapped in aluminum 
foil, and the solution was left still for 15 min at 20 db 2 °C. 
Absorbance at 500 nm of the solution was measured. 

Surveying ages and heights of damaged trees 

To determine the ages and heights of the damaged trees by 
the fungus, 2 living trees (tree 1 and 2) with cankers were 
fell down and logged into 2-m lengths. The widths of the 
annual rings on the cross sections near the base of each log 
were measured from the center to 4 crosswise directions. 
Both trees were 42 years old. 

Influences of fungal degradation on wood 

pH values of damaged wood 

Four kinds of wood meals (5 g each) from (a) degraded 
part, (b) non-degraded sapwood, (c) outer heartwood and 
(d) inner heartwood including pith of a damaged stem in 
Fig. 1G were separately suspended in 10-times the weight 
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Table 1 

List of fungal mycelia used 




Isolate 

no. 

Scientific name 

Original name/number 

Location 

Host 

Isolated section 

P-1 

Fomitiporia sp. 

MAFF420042 

Chiba, Chiba 

Unknown 

Basidiospores 

P-2 

Fomitiporia sp. 

MAFF420111, Pa46f 

Matsuo, Chiba 

Cryptomeria 

japonica 

Basidiospores 

P-3 

Fomitiporia sp. 

MAFF420112, Pa46 m 

Tohgane, Chiba 

C. japonica 

Degraded wood 

P-6 

Fomitiporia sp. 


Sanbu, Chiba 

C. japonica 

Decomposed 

sapwood 

P-7 

Fomitiporia sp. 


Sanbu, Chiba 

C. japonica 

Decomposed 

sapwood 

P-21 

Fomitiporia sp. 

WD-984 

Meguro, Tokyo 

Unknown 

Decomposed wood 

P-26 

Fomitiporia sp. 

National Institute of Fruit Tree Science 
(NIFTS) C5 

Tukuba, Ibaragi 

Chamaecyparis 

pisifera 

Decomposed 

sapwood 

P-27 

Fomitiporia sp. 

NIFTS C6 

Tukuba, Ibaragi 

C. pisifera 

Decomposed 

sapwood 

420002 

Trametes 

versicolor 

MAFF420002, FFPRI 1030 (Kawara-take) 

Shimada, 

Shizuoka 

Unknown 

Basidiospores 


of distilled water. pH value of each suspension was mea¬ 
sured with a pH meter (F-23, Horiba Ltd., Kyoto, Japan). 

To examine pH changes of damaged wood disks by 
color changes, 3 kinds of acid-based indicators were used: 
bromocresol green (BCG) with pH range of 3.8-5.4 and 
color change from yellow to bluish green, bromophenol 
blue (BPB) with pH range of 3.0-4.6 and color change 
from yellow to purple, and methyl red (MR) with pH range 
of 4.4-6.2 and color change from red to yellow. BCG 
(0.04 g), BPB (0.1 g), and MR (0.2 g) were diluted with 
each 20 ml ethanol, and volume was made up to 100 ml 
with distilled water, respectively. These original solutions 
were diluted with distilled water to 1/10 and 1/100. Sliced 
wood disks with degraded parts (ca. 3 cm length and 20 cm 
in diameter, Fig. 1H) were soaked in the original and 
diluted solutions separately and color changes of the disks 
were observed, respectively. 

Weight loss of sapwood pieces due to fungal degradation 

Mycelia of 8 isolates of the causal Fomitiporia sp. and 
those of one isolate of a white-rot fungus Trametes versi¬ 
color were used for the experiment (Table 1). The my celia 
of P-6 and P-7 were obtained by isolating the degraded 
sapwood just under the bark where the fruiting bodies of 
the fungus developed. 

Quartersawn pieces of sapwood (20 x 20 x 10 mm) 
were prepared from non-damaged wood. The wood pieces 
were oven-dried at 60 °C for more than 48 h to constant 
weights, and then soaked in distilled water for 24 h. Silica 
sand was placed in a polypropylene bottle (80 mm in 
diameter, 110 mm in height) to 50 mm height and was 
soaked with potato dextrose broth (Tanabe Seiyaku Hanbai 
Co., Ltd., Osaka, Japan) medium. The sterilized wood 


pieces (n = 3) were put onto the mycelial colony of the 
objective fungus by attaching the annual rings to the colony 
surface. The wood pieces were degraded at 26 °C for 60 
days before collecting them. The mycelia were removed 
from the wood pieces, and the pieces were oven-dried at 
60 °C and weighed. 

Amounts of degradation-derived glucose and secreted 
antifungal compounds in damaged wood disks 

The amounts of glucose derived from polysaccharide 
degradation, and of antifungal compounds, polyphenols 
and flavanols in wood powder were determined in the 4 
parts (Fig. 1G), degraded part (a), non-degraded sapwood 
(b), outer heartwood (c), and inner heartwood (d) from the 
damaged stem, and 2 parts, sapwood and heartwood from 
the non-damaged stem. Sample extracts in 20 ml of 70 % 
(v/v) acetone were used for quantitative measurements. 
The amount of polyphenols as total phenolics was deter¬ 
mined according to the Folin-Ciocalteu assay [18]. The 
calibration curve was made using catechin as a standard. 
One millilitre of the extract was introduced into a test tube, 
and 1 ml of Folin-Ciocalteu’s reagent and 5 ml of 20 % 
(w/v) sodium carbonate were added to it. The mixture was 
filled up to 10 ml with distilled water and mixed. The 
mixture was allowed to stand for 1 h, and its absorbance at 
765 nm was measured. The amounts of flavanols and 
glucose were determined as described above. 

Stiffness of damaged sapwood 

A damaged tree was felled down, logged, and sliced into 
ca. 30 mm-length discs. The stiffness of the degraded part 
and the co-existing non-degraded part in the disk was 
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Fig. 2 Contents of a-cellulose, 
hemicelluloses, mixtures of 
lignin and others, organic 
solvent extracts, glucose and 
flavanols in bark and xylem 
from living and dead branch 
materials of the “Sanbu-sugi” 
cultivar of Cryptomeria 
japonic a. Mixture of lignin and 
others was determined by 
JAPAN TAPPI No. 61 (2000). 
Bars indicate standard 
deviations. Letters indicate the 
significant differences among 
the 4 kinds of branch materials 
for respective chemicals 
ip < 0.05) 


CD 

3 □ a-Cellulose □Hemicelluloses 



measured with the wood decay tester, Pilodyn 6J Standard 
(Proceq Co., Ltd., Schwerzenbach, Switzerland). The 
maximal inserted spring length of the Pilodyn, which 
indicates minimal stiffness of wood decay, is 40 mm; 
lower lengths indicate greater stiffness of damage. The 
measurements were done in the horizontal (arrow in 
Fig. II) and vertical (arrowhead in Fig. II) directions. 

Statistics 

The obtained data were analyzed statistically with Sheffe’s 
F test ( p < 0.05) or Student’s t test (p < 0.05). 

Results 

Influence of fungal degradation on trees 

Chemical characteristics of living and dead branch 
materials 

Figure 2 shows the contents of a-cellulose, hemicellu¬ 
loses, mixtures of lignin and others, which were residues 
treated by JAPAN TAPPI No. 61 (2000) and organic 
solvent extracts, and amounts of glucose and flavanols in 
the bark and xylem from living and dead branch materi¬ 
als. Bark from both living and dead branches contained 
more mixtures of lignin and others and organic solvent 
extracts than xylem. Xylem from both living and dead 
branches contained significantly more a-cellulose and 
hemicelluloses than bark. The bark from dead branch 
materials and xylem from living branches contained sig¬ 
nificantly more glucose than the bark from living branches 
and dead xylem from dead branches. The bark and xylem 
from living branches contained significantly more flava¬ 
nols than the dead ones. 


Ages and heights of damaged trees 

Figure 3 shows the annual rings measured from the center 
to four crosswise directions on the cross sections of stems. 
The numbers of the annual rings on the faces of disks from 
tree 1 were 42, 38, 34, 28, 24, 21, 17, and 13 in that order 
from the tree base. Annual rings seized forming at the 10th 
ring on the first disk (Fig. 3 A) and at the 16th ring on the 
third disk (Fig. 3B). The numbers of the annual rings on 
the faces of disks from tree 2 were 42, 39, 36, 30, 25, 22, 
19, 16 and 9 from the base. Annual rings disconnected at 
the 37th ring on the first disk (Fig. 3C). The height of the 
second and third disks of tree 1 and first disk of tree 2 were 
4, 6 and 2 m, and the rings were disconnected at the ages of 
15, 24, and 37 years old, respectively. 

Influence of fungal degradation on wood 

pH values of damaged wood 

The pH values of the degraded part, non-damaged sap- 
wood, outer heartwood and inner heartwood were 4.5, 5.7, 
6.7 and 6.9, respectively. Color changes were most obvious 
with 1/100 BCG solution. Color of the damaged part, 
sap wood, and outer and inner heartwood turned to yellow, 
green, blue and blue, respectively (Fig. II, J). 

Weight loss of sapwood due to fungal degradation 

Percentages of weight loss of the sapwood pieces degraded 
by mycelia of the 8 fungal isolates are shown in Fig. 4. The 
percentage of weight loss by T. versicolor (6.0 %) was 
significantly greater compared with those isolates of 
Fomitiporia sp. (1.4 % on average). The ability of the 
saprophyte T. versicolor to degrade sapwood was greater 
than that of the causal fungus. 
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Fig. 3 Radar graphs showing 
annual rings measured from the 
center to four cardinal directions 
on the base of 2 m-long logs 
from two trees of the “Sanbu- 
sugi” cultivar of Cryptomeria 
japonic a. The 10th and 16th 
annual rings were seized in the 
second (A) and third (B) disks 
of tree 1, respectively, and in 
the 37th ring on the first disk 
(C) of tree 2 



Amounts of glucose and secreted antifungal compounds 
in damaged wood 

There were no statistically significant differences in glu¬ 
cose amounts among the 6 kinds of samples (Fig. 5). 
Amounts of flavanols were higher in the degraded parts and 
in the heartwood from damaged and non-damaged stems 
than those in the sapwood from damaged and non-damaged 
stems. Amount of polyphenols was lower in the heartwood 
from damaged stems than that in the heartwood from non- 
damaged stems. 

Stiffness of damaged wood 

As shown in Fig. 6, the stiffness of the degraded and non- 
degraded parts of wood disks with cankers was measured 
by the Pilodyn from the horizontal (A) and vertical 
(B) directions. The degraded parts showed significantly 
lower stiffness than the non-degraded parts irrespectively 
of the direction of measurement. The stiffness from the 
horizontal directions was less than that from the vertical 
directions. 

Discussion 

To survey possibilities that bases of dead branches com¬ 
prised the invasion gateway for Fomitiporia sp., chemical 
components were determined in the bark and xylem from 
living and dead branch materials of “Sanbu-sugi”. Bark 
contained significantly more mixtures of lignin and others 
and organic solvent extracts than xylem (Fig. 2). When 
bark is treated by JAPAN TAPPI No. 61 (2000), poly¬ 
phenols and suberin were mainly determined as well as 
lignin [19]. Kofujita et al. [20] reported that bark has to be 
treated with 1 % NaOH after ethanol-benzene treatment to 
determine true lignin content, and C. japonica bark con¬ 
tains 27 % of acid insoluble lignin. Lignin is a defensive 
substance against penetration of invasive pathogens [21]. 
In addition, polyphenols are known as resistant substances 
when plants are under stress from a fungal invasion 



Fomitiporia sp. 


Fig. 4 Weight loss in sapwood pieces from the “Sanbu-sugi” 
cultivar of Cryptomeria japonica, degraded by 8 isolates of the 
causal Fomitiporia sp. and one isolate of Trametes versicolor. The 
wood pieces were degraded by the fungi at 26 °C for 60 days. Bars 
indicate standard deviations and the asterisks indicate significant 
difference (p < 0.01) 

[22, 23], and suberin itself is an antifungal substance 
[24, 25]. Furthermore, organic solvent extracts usually 
contain antifungal substances [21]. The bark from dead 
branches and xylem from living branches contained more 
flavanols than the bark from living branches and xylem 
from dead branches (Fig. 2). As flavanols were found in 
high concentrations in resistant cultivar in apple trees, 
levels of flavanols screen for resistance and susceptibility 
to fungal infection [26]. The xylem contained more 
a-cellulose and hemicelluloses than the bark (Fig. 2). 
Cellulose and hemicelluloses are available to fungi as a 
major carbon source [21]. It might be suspected that the 
causal fungus invaded through sapwood of branch bases; 
branch bases were not protected with antifungal substances 
in the bark of living branches and sapwood was exposed at 
the base of dead and fallen branches. The bark from dead 
branches and xylem from living branches contained sig¬ 
nificantly more glucose than the bark from living branches 
and xylem from dead branches; it is considered that the 
glucose is derived from cellulose and hemicellulose 
degraded by Fomitiporia sp. This observation may imply 
that glucose in the bark from dead branches and xylem 
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stem stem 



Fig. 5 Amounts of glucose, flavanols and polyphenols in four kinds 
of wood: degraded part, apparently non-degraded sapwood, outer 
heartwood and inner heartwood including pith, from damaged stems 
of the “Sanbu-sugi” cultivar of Cryptomeria japonica, and two kinds 
of wood: sapwood and heartwood, from non-damaged stems. 


The schematic depiction of a damaged wood disk is shown in 
Fig. 1G. Bars indicate standard deviations. Letters indicate significant 
differences among the six kinds of samples for respective compounds 
ip < 0.05) 



Tree hight (cm) 



Tree hight (cm) 


Fig. 6 Stiffness of damaged sapwood of the “Sanbu-sugi” cultivar of 
Cryptomeria japonica by the causal Fomitiporia sp. measured in 
horizontal (A) and vertical (B) directions with a wood decay tester, 
Pilodyn. The vertical and horizontal directions are shown in Fig. II 

from living branches accelerated mycelial growth of the 
causal fungus. It is known empirically that many wood- 
decaying fungi penetrate into the stem via injuries in which 
xylem has been exposed [25]. As dead branches of “Sanbu- 
sugi” naturally and easily fall off retaining the bases of 
branches on stems [27, 28], the bases expose the xylem to 
the fungus. Based on the results of chemical analyses of the 
branches and on the biological characteristics of “Sanbu- 
sugi”, the remaining bases of dead branches provide pos¬ 
sible open gates for the fungus to invade. 

Pathogenic micro-organisms in the xylem of trees are 
divided into 6 groups including wood decaying fungi [29]. 
On the basis of colonization strategies, wood decaying 
fungi are further classified into 5 types: heart rot, active 
pathogenesis, specialized opportunism, desiccation toler¬ 
ance, and unspecialized opportunism [22, 29]. As the 


causal fungus is not clearly aggressive and initially colo¬ 
nizes at only functionally compromised sapwood associ¬ 
ated with major wounds, Fomitiporia sp., therefore, is 
considered to belong to the specialized opportunism type. 

Aoshima et al. [5] described that the causal fungus 
invaded from scars of dead branches to a part of tree 
cambium through sapwood, and killed the cambium. Dead 
cambium stopped producing new cells, contrary to non- 
damaged cambium which continued producing new cells to 
cover the damaged part. To explain the localization of 
decay and discoloration in injured sapwood through the 
active formation of 4 barriers, the concept called CODIT 
(compartmentalization of decay in trees) [23] has been 
used. The walls in trees limit the spread of fungi; wall 1 
impedes vertical spread, wall 2 impedes inward radial 
spread, wall 3 impedes tangential spread, and wall 4 is the 
barrier zone made of anti-fungal substances, occurring at 
the junction of injured wood and wood newly developed by 
the vascular cambium [23]. Given that the causal Fomiti¬ 
poria sp. kills the cambium, the CODIT model is not 
applicable to “Hi-akagare-sei-mizogusare-byo”. 

“Sanbu-sugi” cultivar of Cryptomeria japonica has 
been one of the most economically important trees used for 
lumber in Japan. The tree heights where annual rings dis¬ 
connected were 4 and 6 m in tree 1 and 2 m in tree 2, and 
tree ages were 15 and 24 years old in tree 1 and 37 years 
old in tree 2, respectively (Fig. 3). Imazeki [4] reported on 
the prevention of the disease by early artificial pruning. In 
the Japanese Agricultural Standard for round logs [30], the 
standard length for log production of C. japonica is 
1.9-4.3 m. Our results show that at heights of 2, 4 and 6 m, 
damage concerned the first, second, and third 2 m-round 
logs, respectively. These logs which had to be discrimi¬ 
nated against were supposed to be the most economically 
valuable compared with the upper parts of the trees. 
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The non-degraded outer and inner heartwood from the 
damaged stems secreted less polyphenols than the heart- 
wood from non-damaged stems (Fig. 5). Although the 
weight loss due to the causal fungus was significantly 
lower than that due to T. versicolor (Fig. 4), the degraded 
parts were less stiff than the non-degraded sapwood 
(Fig. 6). Based on these findings, it is concluded that the 
damaged stems with degraded parts are chemically and 
physically inferior to the non-damaged stems. 
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